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Abstract

:

This study aimed to examine the total viable bacteria (TVBC); total coliform (TCC); fecal coliform (TFC); pathogenic Pseudomonas spp., Staphylococcus aureus, and total fungi (TF); and the effect of different low-cost disinfectants (sterile water, salt water, blanched, and vinegar) in decontamination of 12 types of fruit and 10 types of vegetables. In fruit samples, the lowest TVBC was enumerated at 3.18 ± 0.27 log CFU/g in Indian gooseberry and the highest at 6.47 ± 0.68 log CFU/g in guava. Staphylococci (2.04 ± 0.53–5.10 ± 0.02 log CFU/g), Pseudomonas (1.88 ± 0.03–5.38 ± 0.08 log CFU/g), and total fungi (2.60 ± 0.18–7.50 ± 0.15 log CFU/g) were found in all fruit samples; however, no Salmonella was detected in fruit samples. Similarly, the lowest TVBC recorded 5.67± 0.49 log CFU/g in cucumber and the highest 7.37 ± 0.06 log CFU/g in yard long bean. The Staphylococci (3.48 ± 0.13–4.81 ± 0.16 log CFU/g), Pseudomonas (3.57± 0.21– 4.75 ± 0.23 log CFU/g), TCC (1.85 ± 1.11–56.50 ± 37.14 MPN/g), TFC (1.76 ± 0.87– 3.78 ± 3.76 MPN/g), and TF (3.79 ± 0.18–4.40 ± 0.38 log CFU/g) were recorded in all vegetables samples, but no Salmonella was detected in yard long bean, pointed gourd, carrot, tomato, cucumber, or brinjal. However, vinegar showed the highest microbial load reduction of selected fruit and vegetables among the different treatments. With vinegar treatment, the highest reduction of TVBC (1.61-log) and TF (2.54-log) was observed for fruits, and TVBC (2.31-log) and TF (2.41-log) for vegetables. All the disinfectant treatments resulted in significant (p < 0.01) bacterial load reduction compared to control for the studied fruits and vegetable samples.
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1. Introduction


Dhaka, the capital of Bangladesh, is one of the most densely populated fast-growing cities in the world [1]. Most of the fresh food in Dhaka comes from various rural areas of Bangladesh. Food grown in rural areas is highly contaminated due to a lack of adequate knowledge of food quality and safety [2]. There is a widespread practice of consuming fresh vegetables and fruit (FFV) in Bangladesh [3]. It is well known that the benefits of consuming FFV are related to the provision of healthy food constituents that play an important role in reducing the risk of certain non-contagious chronic diseases, such as cancer, cardiovascular, and neurodegenerative diseases [4,5,6]. However, the method of production of fresh food has a high possibility with potential sources of microbial contamination [7]. The different FFVs are consumed raw, thus posing a potential food safety problem due to different pathogenic microorganisms. Different factors, including the location of samples, growth conditions, collection season, and microbiological analysis method [8] can significantly vary the microbiological qualities and prevalence of pathogens in fresh produce.



There are three categories (satisfactory, acceptable, and not acceptable) of FFV samples in terms of the guidelines [9]. The TVBC contamination levels are satisfactory (<104), acceptable (>104–106), and not acceptable (>106) in terms of ready-to-eat salad vegetables [9]. Besides this, the CDC guidelines for the microbiological quality for ready-to-eat foods range from satisfactory to potentially hazardous. The unsatisfactory level of ready-to-eat foods is as follows the presence of Salmonella; Staphylococci (log 3 to 4); and fecal coliform (FC), especially E. coli (n > 3) presence (CDC, 2001). Moreover, the overall microbiological specification criteria of FFVs are mentioned in several guidelines [9,10,11,12]. The presence of Salmonella, E. coli, or a higher level of Pseudomonas and Staphylococci could be an indicator of overall higher risk of tested FFVs.



The consumption of contaminated fresh vegetables is connected to occurrences of human food poisoning [13,14,15]. Outbreaks of foodborne illness are caused by contamination of FFV, which is exposed to fecally infected manure fertilizers, irrigation with fecally contaminated water, and/or contaminated ice washing during handling and transport [16]. Several studies indicated that fecal coliform bacteria, i.e., Escherichia coli, Shigella spp., Pseudomonas spp., Salmonella spp., Listeria monocytogenes, and Clostridium botulinum, are common pathogenic microorganisms associated with food-borne illness. Recent outbreaks with pathogenic E. coli have been identified due to the consumption of fresh vegetables, such as carrots, radish sprouts, lettuce, alfalfa sprouts, spinach, grapes, and berries [17,18]. In another study, it was also found that the pathogenic serotype of fecal coliform E. coli O104:H4 was associated with the Shiga toxin-related hemolytic uremic syndrome in Germany [19], and E. coli O157:H7 infection in Japan [20] due to the consumption of sprouts and Chinese cabbage. In the USA, the average amount of FFVs are consumed at around 741 pounds per person annually, and over the last two decades, fresh fruit and vegetable consumption has increased at least by 25% [21,22]. In Europe, the consumption of salad vegetables has increased on average by 10% per annum [23]. Moreover, several outbreaks caused by food-borne pathogens have increased in worldwide, which are linked with consumption of raw fruit and vegetables [22,23,24,25,26].



The enteropathogenic E. coli, enterotoxigenic E. coli, and Vibrio cholerae are the predominant causative agents of food-borne linked outbreaks in Bangladesh, principally due to consumption of contaminated fresh produce [27,28,29]. More than one-third of children under five years of age in Bangladesh suffer from enteric diseases caused by contaminated food. As a result, an increase in the incidence of foodborne disease outbreaks associated with fresh fruit consumption has been observed in Bangladesh over the last two decades [28,29]. During post-harvest processing, frequent washing can completely remove soil and debris but not pathogenic microorganisms, which can cause cross-contamination of other foodstuffs, cookware, utensils, and so on [20].



Microbiological analysis is a valuable way of evaluating the emerging risk that concerns both the monitoring authorities and food consumers as well [30]. Disinfectant wash is essential to reduce fresh fruit and vegetable microbial loads [20]. There are many strategies, i.e., physical and chemical treatments, which have been studied to decontaminate fresh-cut fruit and vegetables. As a decontaminating agent, the chlorinated solution is used for fresh fruit and vegetables. Due to the low cost and ease of holding of chlorine, it is used mostly in liquid form [20,31]. Besides this, water supplemented with varying concentrations of organic acids, likely acetic acid and citric and sorbic acids, has been shown to reduce microbial populations on fruit and vegetables [32,33]. However, there are very few reports of microbial contamination of fresh-cut vegetables and fruit in Bangladesh [34,35,36]. There is a very limited amount of microbial quality evaluation research and investigation of effectiveness of low-cost disinfectants of fresh fruit and vegetables has been carried out in Dhaka City to the best of our knowledge.



The aim of this present study was therefore to determine the overall viable bacterial load of fresh fruit and vegetables collected from Dhaka City, Bangladesh, and to assess the effectiveness of low-cost disinfectants in the decontamination of fresh fruit and vegetables.




2. Materials and Methods


2.1. Sample Collection


A total of 88 fresh fruits and vegetables samples (FFV) comprising 12 types of fruit such as, guava (Psidium guajava), hog plum (Spondius dulcis), date palm (Phoenix sylvestris), pineapple (Ananas comosus), mango (Mangifera indica), lemon (Citrus lemon), Indian gooseberry (Phyllanthus emblica), pomelo (Citrus grandis), apple (Malus pumila), grape (Vitis vinifera), Burmese grapes (Baccaurea ramiflora), starfruit (Averrhoea carambola) and 10 types of vegetables such as, yard-long bean (Vigna sinensis), teasle gourd (Momordica dioica), ribbed gourd (Luffa actangula), bitter gourd (Momordica charantia), ladies finger (Hibiscus esculentus), pointed gourd (Trichosanthes dioeca), carrot (Daucus carota), tomato (Lycopersicon esculentum), cucumber (Cucumis sativus), and brinjal (Solanum melongena) were collected and kept in sterile ice bags from four different locations (Mohammadpur, Jatrabari, Uttara, and Gulshan) in Dhaka City (Figure 1). The microbiological tests were carried out in the food microbiological laboratory, Institute of Food Science and Technology (IFST), Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka, Bangladesh.




2.2. Sample Processing


Twenty grams of each sample was aseptically mixed (1:10) with 180 mL Ringer solution [37] into a sterile conical flask. The sample was homogenized with a blender at 6000 rpm for 5–10 min. The samples were diluted six times (10−1–10−6) to reduce the concentration of microorganisms in the ringer solution. The number of colonies in an appropriate dilution was multiplied by the dilution factor to obtain the total viable bacteria count (TVBC), which was expressed as a mean colony-forming unit (CFU) per gram.




2.3. Microbiological Analysis of Fresh Fruit and Vegetables


A total of 0.1 mL of each decimal dilution was distributed over 20–25 mL of plate count agar (PCA) for the calculation of total viable bacteria (TVBC), and the plates were incubated at 37 °C for 24–48 h. Triplicate agar plates were counted between 30 and 300 colonies. A colony counter was used to count the colonies [3]. The samples were analyzed with the most probable number (MPN) technique to detect the total coliform and fecal coliform counts (TCC and TFC) [38]. Lauryl tryptose broth (LTB) and brilliant green lactose bile broth (BGLBB) were used for this test. As a presumptive measure, the LTB was used, and for the confirmatory and completed test, the BGLBB was used. The tubes with lauryl sulphate tryptose broth (LTB) were inoculated with (10−1, 10−3, 10−6) diluted samples for 48 h at 35 °C for the TCC and TFC count. In each broth, Durham tubes were inserted to observe the gas formation [39]. After 24 h of incubation, each set of positive tubes that displayed positive acid and gas were counted and calculated using the standard MPN table. The positive sample for the completed test was suspended in BGLBB medium at 1 mL and kept at 37 °C at 24–48 h, and the positive results for the tube were determined with the MPN table [39].



One milliliter of initial dilution (1:10) was transferred to the 9 mL tube of Ringer solution, which was prepared for 10−2 dilution for the enumeration of Staphylococcus spp. and Pseudomonas spp. The dilution was prepared until 10−6 in this way. One millilter of suspension was transferred for each decimal dilution for the isolation and detection of Staphylococci spp. to the selective Staphylococcus medium (Himedia, Mumbai, India) [40]. Pseudomonas agar medium (Himedia, Mumbai, India) was thus used for the identification of Pseudomonas species that displayed blue-green or brown pigmentation on medium after incubation for 24–48 h at 37 °C [41].



For Salmonella spp. detection, 25 g of the FFV sample was mixed with 100 mL of lactose (LB) broth, homogenized for 2 min, and incubated for 24–48 h at 37 °C. A total of 1 mL of the pre-enriched culture was then transferred to 10 mL of selenite broth and incubated for 24 h at 37 °C. On the bismuth sulfite agar (BSA) plate, the enriched culture was stripped and incubated for 24 h at 37 °C. On the BSA plate, standard Salmonella colonies were brown or gray to black colonies, often with a metallic shine. With little to no darkening of the surrounding medium, some strains create green colonies. For the biochemical test, two or more suspect colonies were selected from the BSA plate and streaked on the slants of triple sugar iron (TSI) agar. The tube was incubated for 24 h at 37 °C. Salmonella suspected cultures of TSI display red slants and yellow butts with or without H2S development (blackening of the agar) [42].



For enumeration of fungi, we spread 0.2 mL of first dilution (10−1 dilution) of each sample homogenate on five Petri dishes containing potato dextrose agar (PDA). The sample was homogeneously distributed on the plate using a glass spreader in a backward and forward motion when rotating the plate. The plates were then sealed and dried for 1–2 h before inverting. For 48–72 h, at room temperature, the prepared dishes were incubated. The plates were screened for the presence of discrete colonies after the incubation time. All colonies were counted on the plates containing colonies by a colony counter (Yc-2A, prma optical works Ltd., Tokushima; Japan) [43].




2.4. Preparation of Low-Cost Disinfectant Solution and Examination of the Washing Effect


Four types of disinfectant were used in this study, namely, distilled water, vinegar, salt water, and blanched. In a laminar flow biosafety cabinet, the whole fruit and salad vegetables were placed on a sterile surface. Both fruit and salads were cut to pieces aseptically (around 5 by 5 cm). In a 500 mL volumetric flask or beaker, the required quantity of decontaminated agents was tested. In a 500 mL volumetric flask or beaker, the selected 20 g sample was rinsed thoroughly with 180 mL of the various decontaminated solutions and was immersed in a disinfectant solution. Without washing, a portion of each tested sample was counted. The dip sample was shaken several times in diluents with hand- gloves to ensure complete solution coverage and to be fully settled. The species were assumed to have been washed off and distributed in diluents. The total viable bacterial count (TVBC/g) in tested unwashed samples was identified only as being dipped into sterile ringer solution, but TVBC was first reported in treated samples with four low-cost disinfectants and then dipped into sterile ringer solution and identified. The fruit and vegetable samples were dipped in sterile ringer solution (1:10) and plated for bacterial load enumeration with washed and unwashed samples. A 0.1 mL solution was taken from each of them and inoculated to count the microbes in the corresponding selective media. The FFV samples were washed for three minutes with distilled water, blanching (80–100 °C) for 1 min, vinegar (4.5 percent acetic acid) for a few seconds, and salt solutions (0.09 percent NaCl or 900 ppm) for 3 min to assess the effect of washing on the microbial load. Then, CFU/g enumerated the microbial load of the samples [44,45].




2.5. Statistical Analysis


All experiments were replicated three times. Total viable bacterial count (TVBC) was enumerated, and the microbial counts were expressed as log CFU/g. The log CFU/g reduction in bacterial population was calculated. The results of TVBC level from the surface of FFVs were analyzed for statistical significance using one-way analysis of variance (ANOVA) followed by LSD’s post hoc multiple comparison test using statistical software (SPSS) package version 21 (SPSS 21.0, US). p ≤ 0.05 was considered to be statistically significant.





3. Results


3.1. Viable Bacterial Load on Fresh Fruit and Vegetable Samples


Eighty-eight samples consisting of 12 types of fruit and 10 types of vegetable samples were tested for bacteriological and mycological load assessment. The viable bacterial ranges on FFV were different from sample types and collection places. In the case of fruit samples, the TVBC range was observed between 3.0 × 103 (P. embilica) and 9.0 × 106 CFU/g (P. guajava) in Jatrabari, 1.0 × 103 (B. ramiflora) and 2.11 × 106 CFU/g (P. sylvestris) in Mohammadpur, 1.0 × 103 (P. emblica) and 3.2× 106 CFU/g (P. sylvestris) in Uttara, and 7.0 × 102 (P. embilica) and 2.81 × 106 CFU/g (P. sylvestris) in Gulshan (Table S1). In the case of vegetable samples, the TVBC range was between 4.2 × 104 (C. sativus) and 2.57 × 107 CFU/g (V.sinensis) in Gulshan, between 5.9 × 104 (S. melongena) and 2.6 × 107 CFU/g (V. sinensis) in Mohammadpur, between 6.7 × 104 (S. melongena) and 2.25 × 107 CFU/g (L. actangula) in Uttara, and between 2.9 × 104(C. sativus) and 2.17× 107 CFU/g (M. dioica) in the sampling location of Jatrabari (Table S2).



Considering the tested fruit samples, the highest TVBC was detected at 6.47 ± 0.68 log CFU/g in the P. guajava sample, and the lowest bacterial count was found at 3.18 ± 0.27 log CFU/g in the P. emblica sample (Table 1).



On the other hand, the highest and lowest TVBCs were observed at 7.37 ± 0.06 log CFU/g (V. sinensis) and 5.67 ± 0.49 log CFU/g (C. sativus) on the surface of vegetable samples, respectively (Table 2). Among the fruit samples, the highest number of TCC was found (178.25 ± 10.46 MPN/g) in S. dulcis, and the highest TFC was found (1.92 ± 0.75 MPN/g) in A. comosus (Table 1). TFC was not detected in three samples, namely, apple (M. pumila), grape (V. vinifera), and lemon (C. lemon). On the surface of vegetables, the highest number of TCC was 56.5 ± 37.14 MPN/g in cucumber (C. sativus) and the highest number of TFC was 3.78 ± 0.76 MPN/g in teasle gourd (M. dioica) (Table 1). The presence of TFC was about 100% (40/40) in the vegetable sample and 88.33% (40/48) in the fruit sample (Table 1 and Table 2).



Salmonella was not present in any fruit sample (Table 1), but they were detected 15.0% (6/40) in vegetable samples (Table 2). Moreover, Staphylococcus, Pseudomonas, and fungi were frequently isolated in all vegetable and fruit samples. In case of fruit, the highest number of Staphylococcus, Pseudomonas, and fungi were detected in 5.10 ± 0.02, 5.38 ± 0.08, and 7.50 ± 0.15 log CFU/g in P. sylvestris and C. grandis, respectively (Table 1). Similarly, in case of the vegetable sample, the highest levels of Staphylococcus, Pseudomonas, and fungi were detected at 4.81 ± 0.16, 4.75 ± 0.23, and 4.40 ± 0.38 log CFU/g in V. sinensis, T. dioeca, and M. charantia, respectively (Table 2).




3.2. Washing Effect of Different Low-Cost Disinfectant Solutions on Fresh Fruits and Vegetables


Results of TVBC and total fungi decontamination of fruit and vegetables are presented in Figure 2, Figure 3, Figure 4 and Figure 5. Among the four treatments, the vinegar solution showed the highest efficiency for TVBC and total fungi reduction on FFV samples. The initial populations of TVBC range was 3.18 ± 0.27 (P. emblica) and 6.47 ± 0.68 (P. guajava) and the total fungi range was 2.60 ± 0.18 (B. ramiflora) and 7.50 ± 0.15 (C. grandis) log CFU/g on the unwashed fruit samples, respectively (Table 1 and Table 2, Figure 2 and Figure 3). On vegetable samples, TVBC range was 5.67 ± 0.49 (C. sativus) and 7.37 ± 0.06 (V. sinensis) and the total fungi range was 3.79 ± 0.18 (L. esculentum) and 4.40 ± 0.38 (M. charantia) log CFU/g. On the basis of the treatments, we obtained a greater result of microbial decontamination. Three was a decreasing trend or pattern compared to control (vinegar > blanching > salt solution > sterile water > control) of TVBC and TF reduction from the surface of fruit samples (Figure 2 and Figure 3). Similarly decreasing trend was observed in TF reduction except D. carota, but decreasing trend was not observed in TVBC reduction (Figure 4 and Figure 5) With the treatment of sterile water on the FFV samples for 3 min, the TVBC reduction range was 0.13 to 1.07-log and the fungi reduction range was 0.61 to 0.80-log CFU/g (Figure 2 and Figure 3). When organic solution vinegar was used to wash fruits for a few seconds, the reduction of TBVC and TF range was 1.61 and 2.54 log CFU/g, respectively, higher than those observed with sterile water, blanched, and salt solution on the tested fruit samples (Figure 2 and Figure 3). In the case of TVBC and TF, the treatment of vinegar solution was significantly (p > 0.05) higher compared to control (unwashed treatment), and this treatment was also more efficient than the sterile water, blanched, and salt solution treatments.



Similarly, the highest reduction of TVBC on the surface of vegetables was 2.31-log with vinegar treatment and the following highest 2.08, 2.06, and 1.17-log reduction of TVBC with the treatment of blanching, salt solution, and being washed with sterile water, respectively (Figure 4). With the treatment of vinegar solution, we achieved the highest (2.41 log) fungi load reduction, as well as the following highest 2.21, 2.07, and 0.92-log TF reductions with the treatment of blanching, salt solution, and washing with sterile water, respectively, on the surface of vegetable samples (Figure 5).





4. Discussion


The present study evaluated the total microbial load on fresh fruits and vegetables (FFV) and concentrated on the safety of FFV by eliminating microorganisms. The indicator bacteria (TCC and TFC), the total viable bacteria (TVBC), and the total presence of fungi on the FFV surface reflect the sanitary nature of Agricultural products [34,35,36]. The isolated bacterial strains with higher TVBC were observed in studied fruits and vegetables (Table 1 and Table 2), and similar findings were also obtained in other studies [46,47]. However, the isolated bacterial counts reported in this study exceeded the recommended levels according to the International Commission on Microbiological Specifications for Foods [48]. The reference value of per gram FFV sample was 10-100 coliforms CFU/g, 10 fecal coliforms CFU/g, and 4.9 × 106 total viable bacterial count CFU/g. The TVBC on fresh fruit may range from 102 to 106 CFU/g, depending on samples, locations, and conditions. Furthermore, the total count of fungi on fresh fruit and vegetables may vary from 103 to 104 CFU/g [49]. Staphylococcus spp. relies on various fruit and vegetables ranging from 102 to 103 CFU/g, and Pseudomonas spp. relies on products ranging from <102 to 104 which are sufficient in their ability to cause illness [50].



In this study, high microbial contamination was observed on the surface of FFV, which may reflect non-hygienic food handling practices, poor storage conditions, and poor sample processing and selling practices. The presence of fecal coliform as an indicator organism suggesting fecal contamination of tested fruits [51,52]. The fecal coliform was presented in our results with other bacteria such as Pseudomonas, and Staphylococcus was also observed in the FFV samples. The researchers also observed the presence of Salmonella spp., Pseudomonas aeruginosa, and Staphylococcus aureus in vegetables and fruits [36,53,54]. These findings indicate that we should clean these vegetables properly before consumption. The overall prevalence of Salmonella species in vegetables was also found to be 8% (n = 72) [36,54], which was close to our result (Table 2). Moreover, similar findings were recorded in a study on fresh fruit juices in Dhaka City, Bangladesh [55]. In another report, in Mymensingh District, Bangladesh, a total of 25 fresh-cut guava samples were collected, and a TVBC range of 6.47–6.62 log CFU/mL was detected in the fruit samples [34]. Similarly, the average TVBC range was 6.47 log CFU/g in our study. Nawas et al. (2012) conducted research of 15 (n = 15) salad vegetables collected from restaurants of different areas of Chittagong City, Bangladesh. In this research, they detected the total coliform (TC) around 73.33% (11/15) in salad samples, whereas 100% (40/40) vegetables samples were detected in our study. According to the report of Oranusi and Olorunfemi (2011), the mean TVBC range from 4.3–8.9 log CFU/g was obtained in pineapple and watermelon [56], and this result was also similar to our observation (Table 2). It was observed in a study of citrus fruit (lemon, lotkone, orange, malta, and amoloki) that the highest fungal count was 4.6 log CFU/g, and the highest TVBC count was 5.3 log CFU/g [57], which was similar to our study. In addition to our study, the average fungi ranges were between 3.57 and 4.40 log CFU/g in vegetables (Table 1) and 2.62 and 6.52 log CFU/g in fruit (Table 2).



The mean TVBC ranged from 5.67 log CFU/g to 7.37 CFU/g, indicating the presence of relatively higher bacterial presence in vegetable samples as per the recommended value of the International Commission on Microbiological Specifications for Foods (ICMSF). The presence of high microbial contamination associated with FFV samples indicated that the overall poor sanitary conditions and personal hygiene and sale practices are very poor in Dhaka City. Therefore, there is an unmet need for proper treatment to reduce microbial contamination from the FFV samples.



Washing is an important step for the decontamination of microbes of any fresh fruits and vegetables in postharvest processing. The use of running tap water to clean FFV samples before consumption is a traditional method that has been used for centuries. However, washing FFVs using tap water can cause cross-contamination, or it does not play a significant role in microbial reduction [58]. Results from the present study ensure the significance of using decontaminating agents when washing fresh produce such as fruits and vegetables. In our study, among the different treatments, vinegar showed the highest microbial load reduction of tested fruits and salad vegetables, whereas washing with sterile water showed the lowest microbial reduction (Figure 2, Figure 3, Figure 4 and Figure 5).



It has been observed that inoculated Salmonella and E. coli were decreased by 0.5 log 10 with rinsing water on the apple surface [59]. Tango et al. (2017) used whole apple and tomato fruits with inoculated and un-inoculated cocktail strains of E. coli O157:H7 and Listeria monocytogenes. Inoculated fruits were washed first with distilled water for 3 min [58] where <1 log 10 reduction of inoculated fruits surface bacteria, which is similar to our result (Tables S1 and S2). Besides this, using deionized water on oranges for 8 min achieved 2 log reduction of a mixture of E. coli strains [60]. It has been reported that blanching as a physical method can eliminate microbes from the surface of FFVs, owing to the thermal effect, resulting in the inactivation of enzymes [44]. In our study, the TVBC (0.98–1.34 log) and TF (0.09–1.34 log) reduction were observed due to hot water treatment (blanching) (Figure 2 and Figure 3).



Interestingly, with the help of chlorine-based solution treatment, the pathogenic bacteria introduced on tomatoes were reduced by more than 3.0 log [10]. A previous study showed that washing with chlorine solution could effectively reduce microbial populations by 10-100-fold [61]. In our study, the highest TVBC and fungi load reduction was found >2.0 log on the surface of the vegetables sample sodium chloride solutions for 3 min (Figure 4 and Figure 5). It has been reported that the efficacy of the decontaminating agents was highly influenced by the suitable concentration of chlorine [62]. Doyle and Erickson (2008) observed the naturally contaminated FFVs of the bacterial population were reduced 1–2 log CFU/g with the sanitizer or decontaminating agents [63]. Microbial load reduction was observed in fruits and vegetables washed in a vinegar solution [64,65,66]. Organic acids, especially vinegar (acetic acid), generally recognized as safe by the FDA and European Commission, are being well accepted by consumers as antimicrobial agents that are also considered to have great potential to control a wide range of microorganisms [67,68]. All these low-cost disinfectants are the emerging eco-friendly technique for preserving the quality and safety of fresh products.




5. Conclusions


The high microbial contamination rates associated with fresh fruits and vegetables indicate that the overall quality of fresh produce is poor enough from the microbiological point of view and the standard criteria determined by the Regulatory and International food safety agencies. This study explored the efficacy of the low-cost disinfectants such as distilled water, vinegar solution, chlorine solution, and hot water treatments in the decontamination of commonly consumed FFVs. Among them, low-cost sodium chloride (salt) solution or vinegar can be used as alternative decontaminating agents to reduce the load on surface microbes of fresh fruits and leafy vegetables. This study also provides valuable food safety information about the pathogens and indicator organisms that could be used to establish preventive measures to improve or ensure the quality and safety of fresh produce. In conclusion, an accurate, easy handle, and low-cost approach of disinfectant (sodium chloride-based solution salt) can be used for reducing the risk of contamination of fresh fruits and vegetables. Further research could be investigated on a variety of fruits and vegetables samples in order to find a standardized, more effective, and efficient sanitization approach.
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Figure 1. Fruit and vegetables collected from four different locations in Dhaka City. 
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Figure 2. Four different treatments (sterile water, salt solution, blanched, and vinegar) were observed on total viable bacterial load (TVBC) decontamination from the surface of 12 different types of fruit. Data are mean (n = 4) ± standard deviation. 
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Figure 3. Four different treatments (sterile water, salt solution, blanched, and vinegar) were observed on total fungi load (TF) decontamination from the surface of 12 different types of fruit. Data are mean (n = 4) ± standard deviation. 
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Figure 4. Four different treatments (sterile water, salt solution, blanched, and vinegar) were observed on total viable bacterial load (TVBC) decontamination from the surface of 10 different types of vegetables. Data are mean (n = 4) ± standard deviation. 
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Figure 5. Four different treatments (sterile water, salt solution, blanched and vinegar) were observed on fungi load (TF) decontamination from the surface of 10 different types of vegetables. Data are mean (n = 4) ± standard deviation. 
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Table 1. Microbial assessment result of fresh cut fruit from different outlets in Dhaka City.
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Tested Samples

	
Average Log CFU/g ± S.D

	
Presence/Absence

	
Average MPN/g ± SD




	
TVBC

	
Staphylococci

	
Pseudomonas

	
Total Fungi

	
Salmonella/25 g

	
TCC

	
TFC






	
Guava

	
a 6.47 ± 0.68

	
abc 4.39 ± 0.96

	
b 4.67 ± 0.45

	
g 4.10 ± 0.08

	
×

	
abc 113.75 ± 11.04

	
bc 0.56 ± 0.48




	
Date palm

	
a 6.45 ± 0.09

	
a 5.10 ± 0.02

	
a 5.38 ± 0.08

	
cd 4.86 ± 0.03

	
×

	
abc 75.00 ± 8.26

	
bc 0.56 ± 0.48




	
Mango

	
b 5.50 ± 0.33

	
cdef 3.62 ± 0.25

	
cd 3.51 ± 0.09

	
cdef 4.51 ± 0.25

	
×

	
ab 138.25 ± 24.50

	
b 0.98 ± 0.21




	
Pomelo

	
bc 5.49 ± 0.33

	
cde 3.94 ± 0.34

	
b 4.84 ± 0.55

	
a 7.50 ± 0.15

	
×

	
a 175.00 ± 11.31

	
bc 0.28 ± 0.25




	
Starfruit

	
bcd 4.94 ± 0.11

	
b 4.97 ± 0.04

	
ef 2.79 ± 0.07

	
b 6.00 ± 0.11

	
×

	
abc 118.00 ± 11.20

	
bc 0.28 ± 0.25




	
Pineapple

	
bcd 4.79 ± 0.24

	
def 3.31 ± 0.33

	
de 3.22 ± 0.34

	
ef 4.47 ± 0.12

	
×

	
abc 99.00 ± 17.72

	
a 1.92 ± 0.75




	
Grape

	
cd 4.69 ± 0.35

	
def 3.35 ± 0.99

	
de 3.15 ± 0.56

	
c 4.80 ± 0.14

	
×

	
bc 37.20 ± 10.50

	
×




	
Hog plum

	
de 4.62 ± 0.42

	
efg 3.09 ± 0.74

	
g 1.88 ± 0.03

	
cde 4.69 ± 0.14

	
×

	
a 178.25 ± 10.46

	
bc 0.28 ± 0.56




	
Apple

	
de 4.45 ± 0.33

	
bcd 4.12 ± 0.78

	
cd 3.51 ± 0.09

	
cdef 4.50 ± 0.25

	
×

	
bc 22.10 ± 9.31

	
×




	
Lemon

	
ef 4.26 ± 0.87

	
fgh 2.83 ± 0.51

	
c 3.84 ± 0.58

	
fg 4.29 ± 0.30

	
×

	
ab 150.5 ± 110.81

	
×




	
Burmese grape

	
fg 3.75 ± 0.69

	
gh 2.42 ± 0.11

	
f 2.59 ± 0.24

	
h 2.60 ± 0.18

	
×

	
abc 104.25 ± 10.31

	
bc 0.42 ± 0.21




	
Indian gooseberry

	
g 3.18 ± 0.27

	
h 2.04 ± 0.53

	
fg 2.29 ± 0.35

	
cdef 4.56 ± 0.38

	
×

	
abc 62.58 ± 10.31

	
b 0.88 ± 0.31








Mean values followed by different letters within a column of tested samples were found to be significantly different using a post hoc multiple comparisons test (p < 0.05). MPN = most probable number; CFU = colony-forming unit; TVBC = total viable bacterial count; TCC = total coliform count; TFC = total fecal coliform; “×” = not detected. Data are mean (n = 4) ± standard deviation.
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Table 2. Microbial assessment of fresh vegetables collected from different urban areas in Dhaka City.
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Samples

	
Average Log CFU/g ± S.D

	
Presence/Absence

	
Average MPN/g ± S.D




	
TVBC

	
Staphylococci

	
Pseudomonas

	
Total Fungi

	
Salmonella/25 g

	
TCC

	
TFC






	
Yard-long bean

	
a 7.37 ± 0.06

	
a 4.81 ± 0.16

	
bc 4.31 ± 0.23

	
a 4.36 ± 0.11

	
0% (0/4)

	
abc 28.75 ± 11.59

	
ab 1.76 ± 0.87




	
Teasle gourd

	
a 7.30 ± 0.04

	
a 4.77 ± 0.25

	
ab 4.65 ± 0.24

	
a 4.33 ± 0.32

	
25% (1/4)

	
ab 51.00 ± 40.67

	
ab 3.78 ± 3.76




	
Ribbed gourd

	
a 7.29 ± 0.09

	
a 4.79 ± 0.15

	
ab 4.52 ± 0.17

	
a 4.36 ± 0.21

	
50% (2/4)

	
abc 18.45 ± 18.96

	
ab 1.76 ± 0.87




	
Bitter gourd

	
a 7.27 ± 0.15

	
a 4.77 ± 0.27

	
ab 4.56 ± 0.44

	
a 4.40 ± 0.38

	
25% (1/4)

	
ab 51.00 ± 40.68

	
ab 1.76 ± 0.87




	
Ladies finger

	
a 7.25 ± 0.19

	
a 4.51 ± 0.56

	
ab 4.69 ± 0.23

	
a 4.16 ± 0.19

	
50% (2/4)

	
abc 44.75 ± 43.53

	
ab 1.76 ± 0.87




	
Pointed gourd

	
a 7.23 ± 0.21

	
a 4.73 ± 0.15

	
a 4.75 ± 0.23

	
ab 4.04 ± 0.08

	
0% (0/4)

	
abc 28.75 ± 11.59

	
a 1.76 ± 0.87




	
Carrot

	
b 6.72 ± 0.89

	
b 3.73 ± 0.10

	
c 4.04 ± 0.34

	
a 4.21 ± 0.08

	
0% (0/4)

	
c 1.85 ± 1.11

	
b 1.76 ± 0.87




	
Tomato

	
bc 6.63 ± 0.84

	
b 3.55 ± 0.16

	
d 3.63 ± 0.20

	
b 3.79 ± 0.18

	
0% (0/4)

	
bc 6.08 ± 9.97

	
b 1.76 ± 0.87




	
Brinjal

	
cd 6.61 ± 0.52

	
b 3.63 ± 0.28

	
d 3.61 ± 0.24

	
a 4.10 ± 0.18

	
0% (0/4)

	
abc 21.57 ± 17.67

	
ab 1.76 ± 0.87




	
Cucumber (Cucumis sativus)

	
d 5.67 ± 0.49

	
b 3.48 ± 0.13

	
d 3.57 ± 0.21

	
a 4.34 ± 0.07

	
0% (0/4)

	
a 56.50 ± 37.14

	
a 1.76 ± 0.87








Mean values followed by different letters within a column of tested samples were found to be significantly different using a post hoc multiple comparisons test (p < 0.05). MPN = most probable number; CFU = colony-forming unit; TVBC = total viable bacterial count; TCC = total coliform count; TFC = total fecal coliform; “×” = not detected. Data are mean (n = 4) ± standard deviation.
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